We have previously reported on distinct dietary patterns obtained from principal components analysis (PCA) of food frequency questionnaires from 3-y-old children. In this study, we repeat these analyses at 4 and 7 y of age. Design: As part of regular self-completion questionnaires, the primary source of data collection in the Avon Longitudinal Study of Parents and Children, parents were asked to record the frequency of consumption of 57 different food types for their children. A total of 9550 subjects (68% of original cohort) were available from the 4-y data sweep and 8286 (59%) from the 7-y. Methods: Distinct dietary patterns were identified at each age using PCA. These were then related to social and demographic characteristics of the parent and child. Results: Three dietary patterns were established cross-sectionally at both 4 and 7 y of age to best describe the types of diet being consumed. One component at both time points described a diet based on 'junk'-type foods with high-fat and sugar content, processed and convenience foods. A second described the 'traditional' British diet based on meat, potatoes and vegetables. The final, a 'health-conscious' pattern was associated with vegetarian style foods, rice, pasta, salad and fruit. At both time points, the 'junk' pattern was significantly more likely in white children, where maternal education level was low and where the child had more siblings. The 'traditional' pattern was more likely in girls, where the mother had a partner and in nonvegetarians (both mother and child). The 'health-conscious' pattern was more likely with increasing levels of education and increasing maternal age. Conclusions: We have demonstrated consistent dietary patterns in cross-sectional analyses at two ages in these children with similar socio-demographic associations evident at each age. Future analyses will track these dietary patterns over time and form a basis for the study of a variety of childhood outcomes.
Introduction
It is becoming increasingly popular to study dietary patterns identified using principal components analysis (PCA) as an alternative to studying intakes of individual food items or nutrients. PCA is a multivariate method allowing the study of many foods in combination. It assesses the associations between individual food items and identifies underlying dimensions in the data based on the inter-item correlations.
To date this method has primarily been applied to studies of diet in adult populations, although we have previously used this method to identify underlying patterns in the diets of 3-y-old children (North et al, 2000) . Few other studies have undertaken similar analyses in a child population in the Western world, one such, completed in Spain, included 2-24 y olds (Aranceta et al, 2003) .
In our previous study, we obtained four distinct dietary components that were then related to a variety of sociodemographic factors. Clearly identifiable maternal characteristics were associated with the four dietary patterns showing that maternal factors have a substantial influence on early childhood eating patterns. We showed that a diet based on 'junk-type' convenience and high-fat foods was associated with younger mothers and those with lower levels of education, while a 'health-conscious' diet was significantly associated with higher levels of education (North et al, 2000) . The Spanish PCA study also showed that children whose mothers had a lower level of education were less likely to follow the 'health-conscious' pattern identified (Aranceta et al, 2003) .
Adult studies have found significant associations between the characteristics of the sample and the dietary patterns identified in their studies (Gex-Fabry et al, 1988; Barker et al, 1990; Gregory et al 1990; Whichelow & Prevost, 1996; Mishra et al 2002; Sanchez-Villegas et al, 2003) .
Many studies have associated lower socio-economic position with increased disease burden in later life (Marmot et al, 1991) , it is possible that this is partly due to poor diet, which has been shown to vary with social position (Gregory et al, 1990) . It is important to identify groups with poor dietary habits as early as possible in the life-course to enable nutrition education to be targeted appropriately. This study aims to build on previous work and investigate whether the socio-demographic characteristics of the main carers are associated with particular eating patterns in young schoolaged children.
Methods
Avon Longitudinal Study of Parents and children (ALSPAC) is an ongoing population-based study designed to investigate the effects of environmental, genetic and other influences on the health and development of children (Golding et al, 2001) . Eligible participants were those pregnant women resident in the former Avon health authority in South-West England who were expected to deliver between 1 April 1991 and 31 December 1992. Approximately 85% of the eligible women enrolled, establishing a cohort of 14 541 pregnant women resulting in 13 971 children (alive at 12 months of age). The primary source of data collection was via selfcompletion questionnaires administered during pregnancy and at various ages of the child. More detailed information on the ALSPAC study is available on the website: http:// wwww.alspac.bris.ac.uk.
Of questionnaires sent to the mother-figure when her child was 54 months of age (4 y) 9722 were returned (70% of the original cohort of children) and at 81 months (7 y) 9515 were returned (61% of children). The questionnaires contained an identical set of questions enquiring about the frequency 'nowadays' of consumption by the child of 90 different foods and drinks provided by the mother. This questionnaire was adapted from the one used to assess the diet of these mothers at 32 weeks of pregnancy (Rogers et al, 1998) . Foods provided outside the home by others (eg, at school, children's parties) were not included in this analysis.
Some items were combined before the PCA, as they were different parts of the same food type. For example, fish in the final PCA includes the questions about white fish, oily fish, tuna and shellfish. Thus, the 90 original foods/drinks were reduced to 57 food/drink types. A complete list of the food/ drink types used in the PCA is shown in Tables 1 and 2 . For the majority of foods (those not usually eaten every day), the mother was asked to indicate how often her child was currently consuming each, using the following options: (I) never or rarely; (ii) once in 2 weeks; (iii) 1-3 times a week; (iv) 4-7 times a week and (v) more than once a day. The questionnaires also asked the mother to record how many cups of tea or coffee and the number of slices of bread were consumed each day on average. The usual types of milk (full fat or other); the usual type of bread (white or other) and the usual type of spread used (butter/margarine or other) that the child had were also recorded.
In order to apply quantitative meaning to the frequency categories, the data were numerically transformed into times per week as follows: (i) 0; (ii) 0.5; (iii) 2; (iv) 5.5 and (v) 10 times per week. Consumption of tea, coffee, bread, milk and spreads were recorded on a daily rather than weekly basis and as such, were measured on a different scale. Therefore, all variables were standardized by subtracting the mean and dividing by the standard deviation for each variable. We have excluded from the PCA children who had more than 10 dietary items missing (n ¼ 172 from the 4 y sweep and n ¼ 164 from the 7 y sweep). If 10 or fewer items were missing, we made the assumption that the child never consumed the item and it was given a value of 0.
A variety of socio-demographic and lifestyle factors were investigated to determine any associations with the dietary patterns identified. These data were also collected by selfcompletion questionnaire at a variety of time points. Relevant data, collected around the time of birth included whether the child was a singleton or multiple birth, child's gender and ethnicity, maternal age at delivery (r20, 21-25, 26-30, 31 þ ), her highest educational attainment (CSE or less, vocational, O level, A level, degree or higher) . Data collected in the same questionnaires as the dietary information included whether the children were vegetarian, whether their diet was based on snacks and/or meals, whether they were a difficult eater and the number of siblings they had. Data on whether the mother felt she had difficulties affording food, her housing tenure, her employment status, whether she had a partner and whether she was vegetarian collected at 33 months were used to relate to the diet at age 4, as this was the closest available time point. Equivalent information was collected at 85 months for use with the dietary data at age 7 y. It is unlikely that these maternal characteristics will have changed appreciably during these short time lapses.
Statistical methods PCA with varimax rotation was performed separately at each time point on the 57 standardized food types, using SPSS for Windows v.11.1. PCA reduces the data by forming linear combinations of the original observed variables, thereby grouping together correlated variables which in turn identifies any underlying dimensions in the data. The coefficients defining these linear combinations are called 'factor loadings' and are the correlations of each food item with that component. The number of components that best represented the data were chosen primarily on the basis of the scree plot (Cattell, 1966) . Interpretability of the factor loadings were also considered when choosing the number of components. Varimax rotation (Gorsuch, 1974; Kline, 1994) was applied, this redistributes the explained variance for the individual components and so achieving a simpler structure, increasing the number of larger and smaller loadings.
A score was created for each child for each of the components identified. These were calculated by multiplying the factor loadings by the corresponding standardized value for each food and summing across the food types. Each score has a mean of 0 and a higher score indicates that a child's diet is closer to that dietary pattern. Foods with loadings above 0.3 on a component were considered to have a strong association with that component and were deemed to be the most informative in describing a dietary pattern. A label has been allocated to each component; these do not perfectly describe each underlying pattern but aid in the reporting and discussion of the results.
These scores were considered as the outcome variables and were used to determine any significant associations with socio-demographic and lifestyle factors. All potential predictor variables (as described above) were examined using the general linear model option to determine any independent associations with each predictor after adjustment for all other potential predictors.
Results
Of the 9722 questionnaires returned at 4 y (mean age at completion: 4.57 y), 9550 (68% of the original sample) had sufficient dietary data available for the PCA. Of the 8515 of the questionnaires completed at 7 y (mean age at completion: 6.85 y), 8286 (59%) were included in the PCA. The analyses have used these data cross-sectionally. Complete dietary and lifestyle data were available for 6592 (47% of the original cohort) at 4 y and 6215 (45%) at 7 y.
Dietary components identified
At both ages, three dietary components emerged which best described the dietary patterns of the children, these were chosen primarily on the basis of the relevant scree plots ( Figure 1a for the age 4 y data and Figure 1b for the age 7 y data). These components were almost identical across the two time points, with respect to the foods that were highly loaded, with only slight differences evident in the actual values of the loadings. As such they have been given the same labels and are described in detail below. A similar proportion of the variability within the sample was explained by the components at each age (17.6% at age 4 y and 18.2% at age 7 y). Tables 1 and 2 show the factor loadings obtained from the data at age 4 and 7 y, respectively.
The first component obtained at each time point has been labeled the 'junk' pattern due to the nature of the foods loading highly. This dietary pattern was associated with high-fat processed foods (sausages, burgers, coated poultry) and snack foods high in fat and/or sugar (such as crisps, sweets, chocolate, ice lollies and ice creams).
Component 2 has been labeled a 'traditional' pattern due to the high loadings of meat and vegetables and therefore the association with the familiar British 'Meat & 2 veg' diet. Poultry and meat dishes, root vegetables, green vegetables, peas, sweetcorn and potatoes were all highly associated with this component.
Finally, component 3 was loaded highly on vegetarian style foods, such as meat substitutes, pulses and nuts. Particularly high loadings were also evident for salad, rice, pasta, fruit, cheese and fish. This component was labeled as 'health-conscious'. Table 3 presents the adjusted regression coefficients and 95% confidence intervals for the multivariate analyses of the dietary patterns at age 4 y and corresponding population characteristics. At age 4 y, the 'junk' diet component, was significantly negatively associated with nonwhite children and those who were reported to be vegetarian (both Po0.0001). It was positively associated with the number of older siblings the child had, decreasing levels of maternal education and decreasing maternal age (all Po0.0001). Whether the child's diet was based on meals and snacks was also significantly associated with this type of diet. Children who mainly ate snacks (with or without meals) were more likely to show this dietary pattern (Po0.0001). Increasing difficulties with feeding the child was positively associated with scores obtained on the 'junk' dietary pattern (Po0.0001).
Variation with sociodemographic and lifestyle factors
The 'traditional' dietary component at age 4 y was negatively associated with boys, mothers who did not have a partner, if the mother or child was a vegetarian (all Po0.0001). Children who were difficult eaters were significantly less likely to follow this type of diet, as were those who had snacks rather than meals (both Po0.0001). The association with maternal education was significant but nonlinear (Po0.0001).
The 'health-conscious' dietary pattern at age 4 y was positively associated with vegetarianism in both the child and their mother (both Po0.0001). A significantly negative trend was observed for decreasing levels of education, with increased levels of maternal smoking and children who were difficult to feed (all Po0.0001). Children who were nonwhite had significantly higher scores on this component (Po0.0001), as did children in rented accommodation (P ¼ 0.002). A nonlinear association was seen with maternal age (Po0.0001). Table 4 shows the results of the multivariate analyses for the dietary components at age 7 y. The patterns observed were very similar to those seen at 4 y of age.
In addition to those factors identified at age 4 y as being significantly associated with the 'junk' dietary component, child's gender, the number of younger siblings, maternal employment and housing tenure were also independently associated at the age of 7 y, such that, boys (P ¼ 0.007), increased number of younger siblings (Po0.0001), mothers who worked (Po0.0001) and those living in council accommodation (P ¼ 0.007) were positively associated with increased scores on this component.
The only differences in factors associated with the 'traditional' dietary component at age 7 y compared to age 4 y was the additional independent association with maternal age such that children of younger mothers were more likely to show this pattern (Po0.0001). The 'health-conscious' dietary component shared identical associations at age 7 y as was evident at age 4 y with the addition of a positive association with the number of older siblings the child had (P ¼ 0.005).
Discussion
This study has identified three distinct dietary patterns based on data obtained from food frequency questionnaires, which were consistent at 4 and 7 y of age. The consistency of the dietary patterns obtained over the two time points suggests that the child's dietary habits are established by the age of four and remain relatively constant during this phase of childhood. This can be further investigated by tracking any changes in individual's dietary scores between these two time points and such analyses is currently underway. We also intend to re-examine the diet at later ages in the ALSPAC cohort since food frequency questionnaires are regularly repeated. We have identified several socio-demographic factors that are consistently associated with the dietary patterns at both ages, providing further evidence that dietary patterns once established remain stable during early childhood.
These results did differ slightly from those obtained on the same population at 3 y of age (North et al, 2000) . At that age, four dietary types were identified: 'junk', 'healthy', 'traditional' and 'snack'. The 'snack' pattern was not identified at the two later ages. It may be that as children get older and start school their life becomes slightly more structured. Furthermore, meals eaten outside the home were not covered by this analysis, which focused on foods provided by the mother. Assessing the scree plot (Figure 1a) for the 4-y data, it could be argued that four factors should have been extracted. However, when doing so the fourth factor was difficult to interpret (and certainly did not represent a 'snack' pattern as it did at age 3 y). We made the decision to extract three factors at this time point primarily due to the interpretability of the factors.
A Spanish study of 2-24 y olds, identified five main components of dietary patterns (Aranceta et al, 2003) . One was a 'snacky' pattern characterized by higher consumption of buns, cakes, biscuits, sweets, salted snacks and soft drinks; a 'healthy' pattern was associated with increased intake of fruit, vegetables and fish; a 'protein-rich' pattern characterized by frequent consumption of pulses, eggs, dairy products and cereals, a 'meat-rich' pattern associated with all butchery products and finally a pattern which had high loadings on alcohol and soft drinks. These factors were not completely consistent with our study and this is one of the criticisms of PCA-the method is population-specific. Furthermore, the Spanish study included much older children and used a different dietary method, the 24-h recall, which is meal rather than food-list oriented. As a result, fewer food groups than in the present study were offered in the analyses initially. Despite this, there were still some similarities evident, the 'snacky' pattern was significantly associated with younger children from a lower socioeconomic background and whose mothers had a lower level of education. This is comparable to the associations we found with our 'junk' pattern at both 4 and 7 y of age. Similarly, the socially disadvantaged in the Spanish study were less likely to be described by the 'healthy' pattern, replicating the current study. A detailed study of adult diets in four different countries where a common methodological approach was applied to determine dietary patterns in each population concluded that some important eating patterns were shared by the four samples but some were country-specific (Balder et al, 2003) . The authors suggest that 'food choices must be driven by endogenous factors (eg biological, psychological), whereas other patterns are more clearly the result of sociocultural circumstances and food availability'. Good reproducibility has been shown among studies in adults (Togo et al, 2003) and further studies are required in childhood samples in the UK in order to determine how reproducible the results of PCA methods are in younger samples. Nevertheless, some of the adult studies already performed in the UK identified patterns that are comparable to those reported here. In particular, Whichelow and Prevost, (1996) , Barker et al (1990) and Gregory et al, (1990) , each identified dietary patterns that loaded highly on 'healthy foods', a similar 'traditional British diet' and a 'convenience, snack and processed foods' pattern. Mullen et al (2000) identified similar patterns with high factor loadings for 'fruit, yoghurt and vegetables' (healthy), 'snacks and processed foods' and 'traditional hot meal accompaniments'. The use of PCA is facing some minor criticism with respect to its nonreproducibility across samples and the subjective decisions that need to be made by the researchers (Martinez et al, 1998; Jacques & Tucker, 2001; Trichopoulos & Lagiou, 2001; Hu, 2002) . However, it is now being adopted more widely as an alternative to studying nutrient intake, particularly when examining specific outcomes such as coronary heart disease (Osler et al, 2002) , endometrial cancer (McCann et al, 2001) , colon cancer (Slattery et al, 1998) and obesity and cardiovascular disease (Fung et al, 2001; Togo et al, 2001) .
The current study had a response rate of between 59 and 68% of the original cohort. It is possible that some biases may have been introduced into the analyses, particularly as the nonresponders tended to come disproportionately from lower social groups. The questions used in the analyses only covered foods provided by the mother, it is possible that increasing amounts of food would have been eaten outside the home between the ages of 4 and 7 y. However, at these young ages the mother or mother-figure usually provides the bulk of the foods eaten, and the types of foods eaten by the child outside the home are likely to be greatly influenced by those provided in the home.
The effects of the eating patterns identified here on child growth, health and development warrant investigation, given the current trends in childhood obesity, which can play an important role in the disease processes of adulthood. All foods consumed play a role in overall nutrition and it is helpful to have a way of summarizing them.
An Australian study of 5 and 6-y-old children and their family food environment concluded that, 'the environment in which a child learns to eat is complex and differs across SES' (Campbell et al, 2002) . A further review indicates that the development of children's food preferences is primarily influenced by parental control but is also affected by a multitude of other factors including the environment of food consumption (Hursti, 1999) . We are currently performing PCA on maternal diet to determine whether there are any direct associations between the way a mother eats and how she feeds her child or whether the variation in child dietary patterns can be explained purely by socioeconomic and lifestyle factors. Regardless of this outcome, it is clear that there is a need for nutrition education and support for healthy eating habits to be targeted at specific subpopulations.
